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VELOCITY OF REDUCTION OF MANGANESE OXIDES
BY HYDROGEN AND EY CARBON MONCXIDE

By
E.P. Tatievskaya, V.K. Antonov and G.l. Cufarov

This work deals with the investigation of rates of reduction of MsOg,
MagOg and - » with carbon monoxide and shov comparison of the retes ¢f re-
@uection of above mentioned oxides of manganese vith hydrogen and
monoxide, :

1
4

In each test the starting material consisted of a semple of e onide
of manganese, a duplicate of which was used earlier” ia test redustiens with hy-
drogen. BEsch one of these samples had & previocusly determined surfase.

The method, apparatus and conditions of each test were oxactly &plicate
of the previous work and thus the results obtained on the test reduction of man.

§anese oxides by hydrogen and by carbon monoxide are easily comparedle.

A ome gram sample of an oxide vas used in each test sand the et
vas enrried cut im & closed system with eirculating earben memexide. The efPh
@88 products vere passed through a 1iquid nitrogen cooled ecld trep %o fhdese ¢ad . '§
the oarbon dioxide. The rates of reduction vere determined from drep ia
pressure in the system during known time increments. The tests were essvied out
st inital carbon monoxide pressures of 50, 100 and 200 mm Ng at 90° imberwals 1a
the 350-500°C temperature range.

The reduction of oxides of manganese either with hydrogem or with sssben
monaxide under the above mentioned sonditions of tempersture sad pressure resesds
easily to the Mn0 stage, and for convenience the reduction to the M stage, W
taken as 100%.

Beduction of Moy

Experimental data pertaining to reduction of MaOp are shews ia Figare I,
vhich shows the rate of reduction as a funstion of hydrogen or carbem memexide
pressure at constant temperature with the oxygen content of solid phase showm
the curves as percentage reduction. Similar relationships vere alse dbtained ot
other temperatures under investigation. As shown in Figure I, refnstion of M0y
is oonaidersdly more rapid with carbon monoxide than with hydrogm. Alse is of
note the different character of relation betvesn the rate of redwetien sad pressure 7
of the reducing gas. In case of hydrogen, with the decrease in presewre, while :
in case of carbon monoxide the exponential nature of the relationship detwesn
change in pressure and rate of redu-ticn 18 noted. The spparent astivation aergies,
calculated from kinetic data are lc.2 K-al/mole for reduction of MOy by ‘sarbon 4
monoxide, and 2k.0 Kcal/mole for reiuction of MaOp by hydrogen.
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The apparent energy of activation for reduction of MagOg by earbom
monoxide wvas determined to be 28.0 Koal/mole and 22.0 Koal/mole for redwetion
of MogOs by hydrogen.
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Befnstion of M0,

Differing from the cther two oxides of manganess
preceeds slover with carbon monoxide than 1t does with
the experimental data shov the dependence of the rate of axide
en the reduction gas pressure at constant teaperature and SPPIR oen-
tent in the solid phase. It can be seen from Pigure 5
m«ortnomcumnumtmmpmmn-mm
monoxide and for hydrogen, but, for a given axygen comtemt of the &
reduction of MngOq proceeds faster vith hydrogen than with ocarben

The apparent activation energy for the reduction of
25.5 Koal/mole for carbon monoxide and 22,0 Kcal/mole for hydroges.
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Figure 3 .

Influenee of gas pressure cm the rate of reduction of Mgl by earben MINGIIGS
. (1) end hydrogen (2) at 5S00°C and at constant oxygen oomtemt of selid JROBS,

The above presented experimental data shov a differemt
three oxides of manganess towards the reducing gases and 4oes mot
videspresd opinon that carbon monoxide is in all cases a poorer refueing
than Nydrogen. This different behavior of manganese oxides m Hhe %
ducing agents supports the catalytic adsorption mechaniem M
of metallic oxides. With better adsorption of molecules of & gi
ad wvith a more favorsble configuration (distridbution) of these m
surface of the oxide, the rate of reduction of oxide muum oiase 1%
is determined by th. surface’reaction, if the process is nmot limited ‘y
of the reducing agent to the active surface and the decidedly slowing inflmense
of gaseous products of the reaction is absent. These two latter ceadi were
fulfilled in the above described experimental work.

The different rates of reduction of manganese oxides by kydrogmm ead bW
carbon monoxide correspond to different values of the apparent sctivetien m,
but not in all cases the lower energy values corresponds to the grester yates of
reduction, as for exmmple, in case of MngOs the reverse is true. This may be due
t0 & greater msgnitude of the pre-exponential factor in the Iblolm reastion rate
expression,
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